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(54) METHOD FOR MANUFACTURING HOLLOW FIBER MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for obtaining a hollow fiber membrane especially reduced in the 
irregularity of capacity such as water penetration quantity, water permeability or the like in a method for 
manufacturing a dry membrane extremely reduced in the elution quantity from the membrane and having excellent 
dialyzing capacity reduced in the adhesion of blood protein or a platelet. 

SOLUTION: A method for manufacturing the dry hollow fiber membrane reduced in the amount of an eluted 
substance includes a process wherein a wet membrane comprising a polysulfone polymer and polyvinylpyrrolidone 
and containing no membrane pore holding material high in water penetration quantity and having a large pore size is 
preliminarily manufactured and dried after desolvation to contract the pore size of the wet membrane and a part of 
polyvinylpyrrolidone in the membrane is further made insoluble in water. In this manufacturing method, the wet 
membrane drying process is performed by the irradiation with microwaves. A module comprising the hollow fiber 
membrane obtained by this manufacturing method is also disclosed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A humid film which does not contain a pit holding material of a big aperture is beforehand manufactured in 
the amount of high water penetration which consists of polysulfone system polymer and a polyvinyl pyrrolidone, . 
After shrinking an aperture of this humid film by drying after desolventization, include a process of insolubilizing a 
part of polyvinyl pyrrolidone in a film in water further. A manufacturing method of a hollow filament-like film which is 
the method of manufacturing a dry hollow filament-like film with few effluents, and is characterized by performing a 
drying process of a humid film by microwave irradiation. 

[Claim 2]The manufacturing method according to claim 1 ****(ing) a hollow filament-like film in the shape of a 
thread at the time of desiccation, and ventilating a dehumidification gas in this thread. 

[Claim 3]The manufacturing method according to claim 2, wherein a difference of water content of a film in the 
central part and a peripheral part of a thread at the time of a dry start is less than 10%. 

[Claim 4]The manufacturing method according to claim 2 or 3 characterized by reducing an output of microwave 
irradiation when average water content of a thread will be 20 to 70% after a dry start. 

[Claim 5]The manufacturing method according to claim 2 or 3 characterized by changing from microwave irradiation 
desiccation to with a not less than 40 ** [ temperature 120 ** or less ] stoving when average water content of a 
thread will be 20 to 70% after a dry start. 

[Claim 6]The manufacturing method according to claim 4 or 5, wherein a difference of water content of a film in the 
central part and a peripheral part of this thread in a time of average water content of a thread after a dry start 
being 20 to 70% is less than 5%. 

[Claim 7]The manufacturing method according to any one of claims 1 to 6 characterized by a ratio of a polyvinyl 
pyrrolidone to polysulfone system polymer being 18 to 27 % of the weight by a film production undiluted solution 
consisting of polysulfone system polymer, a polyvinyl pyrrolidone, and a solvent. 

[Claim 8]A module which consists of a hollow filament-like film manufactured by a method according to any one of 
claims 1 to 7. 

[Claim 9]The module according to claim 8 which is an object for hemodialysis. 



[Translation done.] 



~ :~ /„:_u:~ Au u ~ ~: ~::~o~4- -U4.4.». / /.... a : — 



onn o /r\~i /-t c 



JP,2003-175320,A [DETAILED DESCRIPTION] 



1/10 v 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In the manufacturing method of the highly efficient hollow filament-like film which has the 
outstanding dialysis performance with little adhesion of blood protein and blood platelets which has very few elution 
volumes from a film, this invention relates to the method of manufacturing a hollow filament-like film with small 
dispersion in performances, such as the amount of water penetration, and transmissivity, especially. This invention 
relates also to the module which consists of a hollow filament-like film manufactured such. 
[0002] 

[Description of the Prior ArtjThe art of using the film which has alternative permeability progresses splendidly in 
recent years, and utilization in the field whose separation filter of a gas or a fluid, hemodialyzer in a medical field, 
hemofiltration machine, constituent-of-blood preferential segregation filter, etc. are extensive until now is 
progressing. As a material of this film, polymer, such as cellulose types (a regenerated cellulose system, a cellulose 
acetate system, a chemicals modified cellulose system, etc.), a polyacrylonitrile system, a polymethylmethacrylate 
system, a polysulfone system, a polyethylene vinyl alcohol system, and a polyamide system, has been used. Among 
these, since haemocompatibility of polysulfone system polymer improves by in addition to the thermal stability, acid- 
proof, and alkali resistance adding a hydrophilization agent to a film production undiluted solution, and producing a 
film to it, it was observed as a semipermeable membrane raw material, and research has been advanced. 
[0003]On the other hand, in order to paste up a film and to produce a module, it is necessary to dry a film but, and if 
the porous membrane which consists of organic high polymers, the permeable membrane which consists of 
hydrophobic polymers, such as a polysulfone system, especially, and ultrafiltration membrane are dried after film 
production, it is known that the amount of water penetration will fall remarkably compared with desiccation before. 
Therefore, the film always needed to be dealt with in the damp or wet condition and the state where water was 
made to immerse. 

[0004]The method conventionally taken as this measure was filling low volatility organicity fluids, such as glycerin, in 
the hole portion in porous membrane after film production and before desiccation. However, since hyperviscosity 
generally, a low volatility organicity fluid requires time for washing removal, Although module molding of the film was 
carried out and after washing was little, there was a problem in the effluent of low volatility organicity fluid origin 
(various derivatives which carried out the chemical reaction to the low volatility organicity fluid, and were 
generated), etc. being seen in module mounting fluid. 

[0005]Although the method of using the mineral salt of a calcium chloride etc. instead of a low volatility organicity 
fluid is shown in the patent documents 1 as a method of drying without using a low volatility organicity fluid, there is 
no change in the necessity of carrying out washing removal. Though it is little, it is apprehensive about the adverse 
effect which the mineral salt which remained has on a dialysis patient. 

[0006]The manufacturing method of the hollow fiber which irradiates with microwave is shown in the patent 
documents 2 as a membranous drying method, performing moist heat treatment by a steam to a hollow fiber. 
However, since steam treatment is carried out in order to prevent modification of a film, though it is desiccation, 
there is a fault which lengthens drying time, and further, since it is the desiccation after making low volatility 
organicity fluids, such as glycerin, adhere, the purpose of reducing the effluent from a film is not attained. 
[0007]The hydrophilization film containing the polyvinyl pyrrolidone which carried out the drying process to the 
patent documents 3 and the patent documents 4 without using a low volatility organicity fluid is indicated. Although 
the performance which separates a plasma constituent from blood is indicated in these, since plasma protein 
penetrates, it turns out that it is not effective as permeable membrane. Since the polyvinyl pyrrolidone is dried at 
the temperature decomposed and denatured, in the purpose of reducing the effluent from a film, it is a process 
which is not very preferred. 

[0008]The hollow fiber which made abundance of the polyvinyl pyrrolidone in the film internal surface in which blood 
carries out direct contact to the patent documents 5 about 20 to 50% is indicated. This shows the humid film for 
mainly lessening affixes, such as blood protein and blood platelets. Therefore, since blood protein does not adhere 
easily, it is shown that change does not take place easily at the time of the path of filtrate speed, but there is no 
statement about dialysis performance, like the permeability of albumin is low. 

[0009]the method of this invention person drying the humid film which has specific performance, without 
impregnating low volatility organicity fluids, such as glycerin, and manufacturing a highly efficient blood purification 
film — having proposed (patent documents 6) — when the shape of a thread was used and it dried, it became clear 
by the central part of a thread, and the film of the peripheral part that some performance difference arises. 
[0010] 

[Patent documents 1] JP,6-277470,A[Patent documents 2] JP,1 1-332980,A[Patent documents 3] JP,8-52331,A 
[Patent documents 4] JP,8-9668,B[Patent documents 5] JP,6-296686,A[Patent documents 6] The patent No. 
3281364 gazette [0011] 

[Problem(s) to be Solved by the Invention]In the manufacturing method of the outstanding hollow filament-like film 
with little adhesion of blood protein and blood platelets which has very few elution volumes from a film, there is a 
technical problem of this invention in providing the method of manufacturing a hollow filament-like film with small 
dispersion in performances, such as the amount of water penetration, and transmissivity, especially. The technical 
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problem of this invention is related also with performances, such as water permeability and transmissivity, providing 

the module which does not have dispersion at the central part and a peripheral part. 

[0012] 

[Means for Solving the Problem]There was no dry membrane for blood purification which has the dialysis 
performance dried without using a pit hold-back agent leading to an effluent from a module to this invention 
person's etc. application invention (patent documents 6) like the above. When the cause was dried without using a 
pit hold-back agent, a damp or wet condition was becoming a completely different film of low performance. Then, 
this invention persons produce a humid film which has beforehand the specific performance which is a diameter of 
an osculum in the amount of high water penetration rather than target performance by first half application, As a 
result of advancing research wholeheartedly based on the unprecedented way of thinking that nobody of 
manufacturing a film which dries and shrinks this and has target dialysis performance thought of, a method of 
obtaining a film which has the dialysis performance excellent in permselectivity with little adhesion of blood protein 
and blood platelets which has very few effluents was provided. Then, when research was advanced further, this 
invention persons discovered that the amount of water penetration and permeation performance showed dispersion 
by the central part of a thread, and a film of a peripheral part, when manufacturing a blood purification film by a 
method of the patent documents 6, and a humid film was made into the shape of a thread and it dried. Then, in order 
to lose dispersion, as a result of inquiring wholeheartedly, with devising a drying process, it finds out that dispersion 
is stopped and results in this invention. 

[0013]. Namely, this invention consists of polysulfone system polymer and a polyvinyl pyrrolidone. A humid film 
which does not contain a pit holding material of a big aperture in the amount of high water penetration is 
manufactured beforehand, In a method of manufacturing a dry hollow filament-like film with few effluents which 
includes a process of making unnecessary further a part of polyvinyl pyrrolidone in a film in water after shrinking an 
aperture of this humid film by drying after desolventization, It is related with a manufacturing method of a hollow 
filament-like film performing a drying process of a humid film by microwave irradiation. 

[0014]When drying in this invention, it is preferred to **** a hollow filament-like film in the shape of a thread, and to 
pass a dehumidification gas in this thread. It is still more preferred to make a difference of water content of a film in 
the central part and a peripheral part of a thread few to less than 10% in this invention at the time of a dry start. 
[0015]This invention relates also to a method of reducing an output of microwave irradiation or changing from 
microwave irradiation desiccation to with a not less than 40 ** [ temperature 120 ** or less ] stoving, when water 
content of a thread after a dry start will be 20 to 70%. In that case, it is still more preferred that a difference of 
water content of a film in the central part and a peripheral part of this thread in a time of water content of a thread 
after a dry start being 20 to 70% is less than 5%. In an above-mentioned method, a film production undiluted solution 
consists of polysulfone system polymer, a polyvinyl pyrrolidone, and a solvent, and it is preferred that a ratio of a 
polyvinyl pyrrolidone to polysulfone system polymer is 1 8 to 27 % of the weight. This invention relates also to a 
module which consists of a hollow filament-like film manufactured as mentioned above again. A hollow filament-like 
film of this invention is excellent in the hemodialysis performance, and is used as a hollow filament-like film for 
hemodialysis. It is useful also as a film for other extracorporeal circulation therapies. 
[0016] 

[Embodiment of the InventionjBelow, the composition of the hollow filament-like film (only henceforth a "film") of 
this invention is explained. The manufacturing method of this invention manufactures the humid film of the big 
aperture beforehand in the amount of high water penetration, and has the feature to make it dry without 
impregnating with a pit hold-back agent after desolventization. 

[001 7]Usually, it is classified into the inorganic substance with which the pit hold-back agent used when 
manufacturing a hollow filament-like film is anxious about the toxicity to the organic matter and human body which 
have viscosity. Since the pit hold-back agent which consists of an organic matter which has viscosity has high 
viscosity and it is difficult to carry out washing removal thoroughly, it can change with the cause which remains in a 
film, makes the elution volume from a film increase, carries out a chemical reaction to the pit hold-back agent which 
remained further, and produces deleterious material. On the other hand, also in the pit hold-back agent which 
consists of inorganic substances, since it remains in a minute amount, it is apprehensive about the adverse effect 
which it has on a dialysis patient. 

[0018]The pit hold-back agent as used in the field of this invention is a substance filled in the hole portion in a film 
by the manufacturing process before drying in order to prevent the degradation at the time of desiccation. It is 
possible to fill this hold-back agent in the hole portion in a film by immersing a humid film in the solution having 
contained the pit hold-back agent. If even washing and removal carry out a pit hold-back agent even for after 
desiccation, it is possible to hold performances, such as the amount of water penetration equivalent to a humid film 
and rejection, by the effect of a pit hold-back agent. 

[0019]As a pit hold-back agent, ethylene glycol, propylene glycol, A trimethyfene glycol, a 1,2-butylene glycol, a 1,3- 
butylene glycol, 2-butine 1,4-diol, 2-methyl-2,4~pentadiol t 2-ethyl-1 ,3-hexandiol, glycerin, tetraethylene glycol, The 
organic compound and calcium chlorides of the polyethylene glycol 200, the polyethylene glycol 300, and 
polyethylene-glycol 400 grade, such as a glycol system or a glycerol system compound, and a sucrose fatty acid 
ester, The mineral salt of sodium carbonate, sodium acetate, magnesium sulfate, sodium sulfate, zinc chloride, etc. 
can be mentioned. 

[0020]In this invention, with the humid film of a big aperture, in the amount of high water penetration. The amounts 
of water penetration are 100mL / (m 2 and hr-mmHg) above, and the humid film in which the transmissivity of the 
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polyvinyl pyrrolidone of the weight average molecular weight 40,000 exceeds 75%, and the transmissivity of the 
albumin in a cow plasma system has the performance which is 0.3% or more is meant. 

[0021]The transmissivity of cow plasma albumin can be measured by the following methods. First, 100 hollow 
filament-like films 20 cm in length are bundled, and a small module is produced, the heparinize cow plasma (heparin 
— 5000 IU/L (liter)) warmed to this module at 37 ** Protein concentration 6.0 g/dL (deciliter) is passed with the 
linear velocity of 1.0 cm/second to the film internal-surface side, and an ultrafiltration is performed for 30 minutes 
in mean-pressure 50mmHg of modular entering pressure and appearance pressure. It computes transmissivity by 
measuring measurement of the concentration of the obtained filtrate and former liquid on the wavelength of 280 nm 
with an ultraviolet spectroscopy photometer, and substituting it for the following formula (1). 
Transmissivity (%) (1) =(absorbance of filtrate) x100/(absorbance of former liquid) 

[0022]The transmissivity of a polyvinyl pyrrolidone uses the solution to filter as the phosphoric acid buffer (0.15-mo! 
[ // I. ], pH 7.4) solution of 3% of the weight of a polyvinyl pyrrolidone (the BASF A.G. make K30, weight average 
molecular weight 40,000), It asks by performing the same operation as measurement of the transmissivity of cow 
plasma albumin except having set the mean pressure of modular entering pressure and appearance pressure to 
200mmHg. 

[0023]The humid film of a big aperture in the amount of high water penetration Poiysulfone system polymer (only 
henceforth "polymer"), After making a polyvinyl pyrrolidone and the film production undiluted solution which 
consists of solvents breathe out from a double annular nozzle with internal liquid and passing an air gap, in the 
manufacturing method solidified by a coagulation bath, it can manufacture by using the solution of the solvent of 
polymer for internal liquid. 

[0024]Although internal liquid makes a membranous centrum and internal surface form, it turns out that the aperture 
of an internal surface becomes large in proportion to the solvent concentration in internal liquid. In this invention, 
since the permeable membrane of the performance of a target is obtained by carrying out drying shrinkage of the 
humid film, compared with the time of manufacturing the humid film which has target dialysis performance [ solvent 
concentration / in internal liquid ], it is necessary to make it high concentration. 

[0025]What has a repeating unit shown by the following formula (2) or a formula (3) as poiysulfone system polymer 
used by this invention is mentioned. Ar in a formula shows the phenyl group of 2 substitution in the para position, 
and limits for neither a degree of polymerization nor a molecular weight in particular. 
-0-Ar-C(CH 3 ) 2 -Ar-0-Ar-S0 2 -Ar - (2) 
-0-Ar-S0 2 -Ar - (3) 

[0026]Since the thing of the amount of polymers comes out in small quantities since the hydrophilization effect to a 
film is as high as the thing of the amount of polymers, and sufficient effect can demonstrate a polyvinyl pyrrolidone, 
in this invention, a with a weight average molecular weight of 900,000 or more polyvinyl pyrrolidone is used. In order 
to give the hydrophilization effect to a film using the polyvinyl pyrrolidone which has weight average molecular 
weight smaller than 900,000, it is necessary to make a lot of polyvinyl pyrrolidones remain in a film but [ for this 
reason ], and the effluent from a film will increase. In order to lower an effluent conversely, when ullage in the inside 
of the film of the polyvinyl pyrrolidone of weight average molecular weight smaller than 900,000 was lessened, the 
hydrophilization effect becomes insufficient and hemodialysis is performed as a result, the temporal fall of filtration 
velocity is caused and sufficient effect cannot be demonstrated. 

[0027]Both the solvents used for the dissolution of poiysulfone system polymer and a polyvinyl pyrrolidone dissolve 
both these, and are N-methyl-2-pyrrolidone, N.N-dimethylformamide, N,N-dimethylacetamide, etc. 
[0028]Especially if the polymer concentration in a film production undiluted solution is the range of the 
concentration that the film which could produce the film and was obtained has the performance as a film, it will not 
be restricted, but it is 10 to 30 % of the weight preferably five to 35% of the weight. In order to attain high water 
penetration performance, the lower one of polymer concentration is good and its 10 to 25 % of the weight is 
preferred. 

[0029]A still more important thing is an addition of a polyvinyl pyrrolidone, and 27 or less % of the weight of mixture 
ratio GA of a polyvinyl pyrrolidone to polymer is 20 to 27 % of the weight still more preferably ten to 27% of the 
weight preferably. It is difficult to be in the tendency whose elution volume increases, when the mixture ratio of the 
polyvinyl pyrrolidone to polymer exceeds 27 % of the weight, and to obtain the film of sponge structure, since the 
viscosity of a film production undiluted solution is low at less than 10 % of the weight. It is also possible to add the 
4th ingredient, such as water and a poor solvent, in order to control undiluted solution viscosity and a solution state, 
and what is necessary is for combination just to perform the kind and an addition at any time. 

[0030]Water is preferred although the fluid which does not dissolve polymer, such as aliphatic hydrocarbon, such as 
alcohols; ether; n-hexane, such as water; methanol and ethanol, and n-heptane, for example is used as a coagulation 
bath. It is also possible to control coagulation speed by adding a little the solvent which dissolves polymer in a 
coagulation bath. 

[0031]the temperature of a coagulation bath -0-90 ** 30-90 ** is 0-80 ** still more preferably preferably. The 
temperature of a coagulation bath exceeds 90 **, or the surface state of the hollow filament-like film in a 
coagulation bath is not easily stabilized as it is less than -30 **. 

[0032]Desiccation after desolventization washing is performed by irradiating with microwave the thread which is fully 
carrying out humidity of the hollow filament-like film with the gestalt (it is only henceforth called a "thread") of the 
thread tied several [ many ]. 

[0033]However, since it is suitable for drying the thread of low water content to homogeneity more, in order to 
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prevent modification and melting of the film by fault heating, when the average water content of a thread will be 50 
to 70% more preferably 20 to 70%, it is preferred [ microwave irradiation ] to reduce the output of microwave 
irradiation. 

[0034]In order that it may stop dispersion in performance that the difference of the water content of the film in the 
central part and the peripheral part of this thread in the time of the average water content of a thread being 50 to 
70% preferably 20 to 70% is less than 5%, it is preferred. It is possible at the time of desiccation to make the 
difference of the water content of the film in the central part and the peripheral part of a thread less than 5% by 
ventilating in a thread. Here, the central part of a thread means one sixth of the ranges of a diameter from the 
central point in the circle configuration section of a thread.The peripheral part of a thread means the range of 1/6 from a 
periphery in the circle configuration section of a thread. [0035]Since it is the same, it is preferred also about the 
thread at the time of a dry start that the difference of the water content of the film in the central part and the 
peripheral part of a thread is less than 10%. Since a difference will arise in the water content of the central part of a 
thread, and a peripheral part if the after-desolventization thread is neglected, it is possible by immersing a thread 
underwater again, just before going into a drying process to make the difference of the water content of the thread 
central part and a peripheral part less than 10%. Here, water content means what is calculated by calculation by (4) 
types from the weight (A (g)) of the thread (or film) before desiccation, and the weight (B (g)) of a dry thread (or 
film). 

Water content (%) =(A-B)x100/B (4) 

[0036]In order to abolish the difference of the drying rate of the central part of a thread, and a peripheral part, it is 
preferred to ventilate in a thread the dehumidification gas of the temperature which does not exceed 40 **. 
Ventilating in a thread means passing a wind between hollow filament-like films. Ventilating a with a not less than 40 
** [ temperature 120 ** or less ] dehumidification gas in a thread as used in this invention means performing 
stoving to a thread at the same time it ventilates in a thread. 

[0037]Aithough the high thing of the output of microwave is preferred, an optimum value changes with quantity of 
the film to dry. When the water content of a thread will be 50 to 70% preferably 20 to 70%, the method of performing 
two-step desiccation changed from microwave irradiation to with a not less than 40 ** [ temperature 120 ** or 
less ] air blasting desiccation also takes drying time rather than microwave irradiation, but it is possible to dry a 
thread uniformly. Also in a two-step dry technique, it is effective in it stopping dispersion in performance that the 
difference of the water content of the film in the central part and the peripheral part of this thread in the time of 
the water content of a thread being 50 to 70% preferably 20 to 70% is less than 5%. 

[0038]It is desirable still more preferred that it is [ not less than 40 ** ] 120 ** or less, and the temperature of 
stoving is 100 ** or less. If it exceeds 120 **, in order that a polyvinyl pyrrolidone may denaturalize and decompose, 
it is not desirable from the elution volume from the dry membrane obtained even if it did not use a pit hold-back 
agent increasing. Since drying time starts too much in less than 40 **, it is not desirable. 

[0039]Since a part of PVP in a film can be insolubilized in water by irradiating the film after desiccation with 
radiation, such as an electron beam and a gamma ray, it is possible to reduce the elution volume from a film more. 
Whichever after modularization may be [ the exposure of radiation ] sufficient as a modularization front stirrup. If all 
the PVP in a film is insolubilized, while an elution volume can be reduced, it is not desirable from leuco pennia 
condition being observed at the time of dialysis. 

[0040]With PVP insoluble to the water as used in the field of this invention, the amount of PVP meltable to water is 
deducted from the total amount of PVP in a film. The total amount of PVP in a film is easily computable by the 
ultimate analysis of nitrogen and sulfur. The amount of PVP meltable to water can be calculated by the following 
methods. After dissolving a film thoroughly by N-methy!-2-pyrrolidone, water is added to the obtained polymer 
solution and polysulfone system polymer is settled thoroughly. After settling this polymer solution furthermore, PVP 
meltable to water can be quantified by quantifying the amount of PVP in supernatant liquid with liquid 
chromatography. 

[0041]The film which was characterized by the manufacturing method of this invention drying the humid film which 
does not contain a pit hold-back agent by microwave irradiation, and was obtained using this manufacturing method, 
Are the dry membrane which does not contain a pit hold-back agent, and, in the amount of water penetration of 
pure water, the transmissivity of the polyvinyl pyrrolidone of 1 0-1 ,000mL/(m 2 and hr-mmHg) and the weight average 
molecular weight 40,000 at 75% or less. And the transmissivity of the albumin in a cow plasma system is less than 
0.3%, and it is a hollow filament-like film, wherein the variation in each performance is still smaller. . Make the beta2~ 

microglobulin (molecular weight: 1 1,800) used as the causative agent for the improvement of the shape of a dialysis 
amyloid disease fully penetrate in the latest hemodialysis therapy. The film which has the fractionation nature which 
does not make most albumin (molecular weight: 67,000) penetrate is called for, and the transmissivity of albumin 
[ in / in the film of this invention / a cow plasma system ] is 0.3% or less. Since it means losing greatly albumin 
effective in the inside of the body, it is not preferred as permeable membrane that the transmissivity of albumin 
exceeds 0.3%. 

[0042]The linear correlation which the amount of water penetration of pure water shows in the following formula (5) 
in the transmissivity (A (%)) of a polyvinyl pyrrolidone and the clearance (B (a part for mL/)) of beta2 - microglobulin 

in the film of 10mL / (m 2 and hr-mmHg) more than exists. Although it is required for clearance evaluation to fabricate 
and process the module of the dialysis specification which has an effective membrane area of 1.5-m^, with this 
valuation method, it is measurable in simple, and it is possible to guess clearance easily. 
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B(partfor mL/) =0.636A+29.99 (5) 

Here, the clearance of beta2~microglobulin carries out dialysis measurement by blood flow rate 200mL/(film 

internal-surface side) at the module of the effective membrane area of 1.5-m 2 in accordance with the quality 
assessment standard of Japanese Society for Artificial Organs under the conditions for dialysate flow rate 500ml_/ 
(film outside -surface side). 

[0043]Although various things are demanded according to a dialysis patient's physical strength or the percentage of 
completion of condition of disease and condition of disease, the clearance of beta2-microglobulin, If the 

transmissivity of a polyvinyl pyrrolidone exceeds 75%, since the transmissivity of albumin will exceed 0.3%, the 
transmissivity of a polyvinyl pyrrolidone needs to be 75% or less. 

[0044]Since the pit hold-back agent is not being used for the film made by the manufacturing method of this 
invention by a manufacturing process, the effluent of pit hold-back agent origin does not exist Therefore, the 
absorbance of the eluting material test liquid of the film of this invention is less than 0.04, and does not contain a pit 
hold-back agent in this test liquid. With eluting material test liquid, it adjusts here based on a hemodialysis apparatus 
approval reference, The dry hollow filament-like film 1.5g cut to 2 cm and distilled-water-for-injection 1 50mL are 
put into the glassware which suits the alkali dissolution test of the glassware examination for injection of the 
Pharmacopoeia of Japan, and it warms at 70**5 ** for 1 hour, and after removing an after-cooling film, what added 
distilled water and was set to 1 50ml_ is meant. An absorbance is measured with an ultraviolet absorption spectrum 
on the wavelength which shows the maximal absorption wavelength in 220-350 nm. Although making an absorbance 
or less into 0.1 is defined in the hemodialysis apparatus approval reference, since the film of this invention does not 
hold a pit hold-back agent, it can attain less than 0.04. About the existence of a pit hold-back agent, this test liquid 
is detectable by measuring concentration or the thing which carried out water removal by publicly known methods, 
such as gas chromatography, liquid chromatography, differential refractive media, an ultraviolet spectroscopy 
photometer, infrared absorption photometry, nuclear magnetic resonance spectroscopy, and ultimate analysis. It is 
detectable with these measuring methods also about whether a pit hold-back agent is included in a film. 
[0045]The film made by the manufacturing method of this invention consists of polysulfone system polymer and a 
polyvinyl pyrrolidone, and the concentration of the polyvinyl pyrrolidone in a film internal surface is 30 to 45 % of the 
weight. A factor important for membranous haemocompatibility is the hydrophilic nature of the film internal surface 
which blood touches, and the PVP concentration of a film internal surface is important for it by the polysulfone 
system film containing a polyvinyl pyrrolidone (only henceforth "PVP"). When the PVP concentration of a film 
internal surface is too low, a film internal surface shows hydrophobicity, plasma protein tends to adsorb, and the 
coagulation of blood also takes place easily. That is, it becomes poor [ membranous haemocompatibility ]. 
Conversely, if the PVP concentration of a film internal surface is too high, the elution volume to the blood systems 
of PVP will increase, and the result which is not preferred will be given for the purpose and use of this invention. 
Therefore, the concentration of PVP of the film internal surface in this invention is 30 to 40% of range, and is 33 to 
40% preferably. 

[0046]The PVP concentration of a film internal surface is determined by the X ray light-quantum spectrum (x-ray 
Photoeiectron spectroscopy, henceforth, XPS). That is, after measurement of XPS of a film internal surface arranges a 
sample in on a double-sided tape, a cutter cuts it open in the direction of a fiber axis, and after extending so that 
the membranous inside may become a table, it is measured by the usual method. Namely, from the integrated 
intensity of an S2p spectrum C1 s , 01 s , and N1 s . The concentration for which it asked using the relative sensitivity 
coefficient of device attachment from the surface concentration (nitrogen atom concentration) of nitrogen and 
sulphuric surface concentration (sulfur atom concentration) is said, and when polysulfone system polymer is the 
structure of (2) types, it can ask by calculation by (6) types. 
PVP concentration (% of the weight) =C 1 M l x100/(C 1 M 1 +C 2 M 2 ) (6) 

here — C^nitrogen atom concentration (%) 

C 2 : Sulfur atom concentration (%) 

M 1 :P Molecular weight (1 1 1 ) of the repetition unit of VP 

molecular weight (442) of the repetition unit of M 2 :polysulfone system polymer 
[0047] 

[Example]Although the example of this invention is shown below, this invention is not limited to this. 
(Measurement of the amount of platelet adhesion) The following operating procedures performed measurement of 
the amount of platelet adhesion to a film. Bundle 100 hollow filament-like films 15 cm in length, produce a small 
module, and this module is made to pass heparinize Homo sapiens fresh blood for 15 minutes with the linear velocity 
of 1.0 cm/second, and the physiological saline was continuously passed for 1 minute. Next, lactate dehydrogenase 
emitted from the biood platelets which shredded the hollow filament-like film to the 5-mm interval grade, carried out 
ultrasonic irradiation in the physiological saline which contains polyethylene-glyco! alkylphenyl ether (Wako Pure 
Chem trade name triton X-100) 0.5%, and adhered to the membrane surface (hereafter) "LDH" — saying — it 
computed as LDH activity of per a membrane area (internal-surface conversion) by quantifying. Measurement of 
enzyme activity used the LDH mono- test kit (Boehringer Mannheim and Yamanouchi Co., Ltd. make). It compared 
simultaneously with a specimen using the film (what was obtained by being immersed in ethanol for one day after the 
film of Example 1 before gamma irradiation was immersed in sodium hypochlorite with an available chlorine 
concentration of 1,500 ppm for two days) which does not contain PVP as positive control. 
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[0048](Plasma protein amount of adsorption) Except having carried out ultrafiltration time in 240 minutes, after the 
plasma protein amount of adsorption to the film performed the same operation as the transmissometry of albumin, 
the physiological saline washed it for 1 minute. Next, the hollow filament-like film was shredded to the 5-mm interval 
grade, and it computed as the protein amount of adsorption per film weight by quantifying the plasma protein stirred 
and extracted in the physiological saline which contains sodium lauryl sulfate 1.0%. Protein concentration used BCA 
protein assay (made in Pierce). It compared simultaneously with a specimen using the film (what was obtained by 
being immersed in ethanol for one day after the film of Example 1 before gamma irradiation was immersed in sodium 
hypochlorite with an available chlorine concentration of 1,500 ppm for two days) which does not contain PVP as 
positive control. 
[0049] 

[Example 1] (Film production and removal of a residual solvent) 18.0 % of the weight of polysulfones (product P-1700 
made by Amoco Engineering Polymers), It dissolved in 77.7 % of the weight of N,N-dimethylacetamide, and 4.3 % of 
the weight of polyvinyl pyrrolidones (the BASF A.G. make K90, weight average molecular weight 1,200,000) were 
used as the uniform solution. Here, the mixture ratio of the polyvinyl pyrrolidone to the polysulfone in a film 
production undiluted solution was 23.9 % of the weight. With the internal liquid which keeps this film production 
undiluted solution at 60 ** and consists of a mixed solution of 30 % of the weight of N,N-dimethylacetamide, and 70 
% of the weight of water. It was immersed to the coagulation bath which makes it breathe out from a spinning port 
(double annular nozzle 0.1 mm - 0.2 mm - 0.3 mm), passes a 0.96-m air gap, and consists of 75 ** water. At this 
time, from a spinning port to the coagulation bath was surrounded by the cylindrical pipe, the humidity in a pipe was 
controlled and temperature was controlled at 51 ** 54.5%, passing the nitrogen gas which contained the steam in 
the pipe. Spinning speed was fixed to a part for 80-m/. Here, the ratio of the air gap to spinning speed was 0.012m/ 
(a part for m/). The residual solvent in a film was removed after cutting the rolled-round thread by washing an 80 ** 
hot water shower over 2 hours from the cutting plane upper part of a bunch (300 mm in length, 9200 film numbers). 
[0050](Desiccation of a humid film and insolubilization process of PVP) The thread after the above-mentioned 
residual solvent removal (water content 300%) The difference of the water content of a film [ in / water content / of 
the film of the thread central part / in the water content of the film of 300% and a thread peripheral part / the 
central part and the peripheral part of 300% and a thread ] carried out microwave irradiation (output of 30 kW) of 30 
for 21 minutes 0%. At this time, the water content of the thread was 65% (the difference of the water content of a 
film [ in / water content / of the film of the thread central part / in the water content of the film of 65% and a 
thread peripheral part / the central part and the peripheral part of 65% and a thread ] is 0%). Then, water content 
obtained less than 1% of dry membrane (thread) by dropping and carrying out microwave irradiation (output of 21 
kW) of the output for 4 minutes. Dehumidified air (10% or less of humidity) was ventilated from the lower part of 
each thread from the lower part of a thread to the upper part at an 8 m/second wind speed between a dry start 
time and the time of the end of dry. At this time, a 1 m/second wind speed was measured by the thread average 
from the upper part of the thread at the time of a dry start. A part of PVP in a film was insolubilized by irradiating 
the obtained dry membrane (thread) with the gamma ray of 25kGy. 

[0051](Ouality assessment result) The performance of this film is shown in Table 1. Performance shows the average 
value of the result measured 10 times. The place which used this film as the module of effective filtration area 2 of 
1.5 m, and surveyed clearance of beta2~microglobulin, It turned out that it is by a part for 32mL/, and it became 

clear that it is equivalent to a part for clearance 32.5mL/computed by having substituted it for the formula (6). 
When this module performed transit measurement of urea and vitamin B ^ tne clearance and transmissivity of urea 

were part 83% for 185mL/, respectively. About vitamin B was P art 48% for 95mL/similarly. Measurement, 

[0042]It carried out in the similar way. It was insoluble to water in 62% of the total amount of PVP in a film. As a 
result of doing a membranous eluting material test, the absorbance of eluting material test liquid was 0.04 or less. 
Since the pit hold-back agent was not used, the pit hold-back agent was contained in eluting material test liquid, 
and was not in it. This film became the amount of platelet adhesion is low (positive control film 43.4 Unit/m 2 ), and 
clear [ the low thing of the amount of plasma protein of adhesion ] compared with the positive control film (positive 
control film 62.5 mg/g). 

[0052]This film became clear [ that there is / which has very few elution volumes from a film / little adhesion of 
blood protein and blood platelets ] from the above quoted performance. Since the transmissivity of albumin was 
excellent also in the clearance of beta2~rnicroglobulin few, it turned out that it is the film excellent also in dialysis 

performance. Since there were few differences of the performance of the film in the central part and the peripheral 
part of a thread compared with an old drying method (comparative example 1), dispersion in performance became 
clear [ few things ]. 
[0053] 

[Example 2] The same operation as Example 1 was performed except having carried out the polyvinyl pyrrolidone in 
a film production undiluted solution, and having made N,N-d\methy\acetam\de Into 78 % of the weight 4% of the 
weight. The mixture ratio of the polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at 
this time was 22.2 % of the weight. The performance of this film is shown in Table 1. This film became clear [ that 
there is / which has very few elution volumes from a film / little adhesion of blood protein and blood platelets ]. 
There was little transmissivity of albumin, and since excelling also in the clearance of beta 2 -microglobulin was 

suggested, it turned out that it is the film excellent also in dialysis performance. Since there were few differences of 
the performance of the film in the central part and the peripheral part of a thread compared with an old drying 
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method (comparative example 1), dispersion in performance became clear [ few things ]. 
[0054] 

[Example 3] The same operation as Example 1 was performed except having carried out the polyvinyl pyrrolidone in 
a film production undiluted solution, and having made N,N-dimethylacetamide into 77.2 % of the weight 4.8% of the 
weight. The mixture ratio of the polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at 
this time was 26.7 % of the weight. The performance of this film is shown in Table 1. This film became clear [ that 
there is / which has very few elution volumes from a film / little adhesion of blood protein and blood platelets ]. 
There was little transmissivity of albumin, and since excelling also in the clearance of beta 2 -microglobulin was 

suggested, it turned out that it is the film excellent also in dialysis performance. Since there were few differences of 
the performance of the film in the central part and the peripheral part of a thread compared with an old drying 
method (comparative example 1), dispersion in performance became clear [ few things ]. 
[0055] 

[Example 4] The same operation as Example 3 was performed except having used the mixture solution which turns 
into internal liquid from 52 % of the weight of N,N-dimethylacetamide, and 48 % of the weight of water. The 
performance of this film is shown in Table 2. This film became clear [ that there is / which has very few elution 
volumes from a film / little adhesion of blood protein and blood platelets ]. There was little transmissivity of albumin, 
and since excelling also in the clearance of beta2~microglobulin was suggested, it turned out that it is the film 

excellent also in dialysis performance. Since there were few differences of the performance of the film in the central 
part and the peripheral part of a thread compared with an old drying method (comparative example 1), dispersion in 
performance became clear [ few things ]. 
[0056] 

[Example 5] The thread after residual solvent removal (in water content, the water content of the film of the thread 
central part 300% 300%) After the difference of the water content of a film [ in / in the water content of the film of a 
thread peripheral part / the central part and the peripheral part of 300% and a thread ] carries out microwave 
irradiation (output of 30 kW) of 30 for 21 minutes 0%, The water content of a thread is 65% (in the water content of 
the film of the thread central part, the water content of the film of a thread peripheral part 65% 65%). After checking 
that the difference of the water content of the film in the central part and the peripheral part of a thread is 0%, 
except that stoving was carried out and water content obtained less than 1% of thread by putting into the dryer (3 
m/second circulation wind speed in a dryer) set as 87 ** for 3 hours, the same operation as Example 1 was 
performed. The performance of this film is shown in Table 2. This film became clear [ that there is / which has very 
few elution volumes from a film / little adhesion of blood protein and blood platelets ]. There was little transmissivity 
of albumin, and since excelling also in the clearance of beta 2 -microglobulin was suggested, it turned out that it is 

the film excellent also in dialysis performance. Since there were few differences of the performance of the film in 
the central part and the peripheral part of a thread compared with an old drying method (comparative example 1), 
dispersion in performance became clear [ few things ]. 
[0057] 

[Comparative example 1] The thread after residual solvent removal (in water content, the water content of the film 
of the thread central part 300% 300%) Except that the water content of the film of a thread peripheral part carried 
out stoving 300% when the difference of the water content of the film in the central part and the peripheral part of a 
thread put into the dryer (3 m/second circulation wind speed in a dryer) which set 30 as 87 ** 0% for 7 hours, and 
water content obtained less than 1% of thread, the same operation as Example 1 was performed. This result is 
shown in Table 2. In the transmissivity of amount ** PVP of water penetration, the performance of the film in the 
central part and the peripheral part of a thread has a difference, and it became clear that there is dispersion in 
performance within a thread as a result. 
[0058] 

[Comparative example 2] The same operation as Example 1 was performed except not carrying out gamma 
irradiation. This result is shown in Table 3. It became clear that the absorbance of elution test liquid exceeds 0.04 
for elution of PVP. 
[0059] 

[Comparative example 3] The same operation as Example 1 was performed except having carried out the polyvinyl 
pyrrolidone in a film production undiluted solution, and having made N,N-dimethylacetamide into 77.0 % of the weight 
5.0% of the weight. The mixture ratio of the polyvinyl pyrrolidone to the polysulfone in the film production undiluted 
solution at this time was 27.8 % of the weight. The performance of this film is shown in Table 3. Since the mixture 
ratio of the polyvinyl pyrrolidone to the polysulfone in a film production undiluted solution is over 27 % of the weight, 
an elution volume and film internal-surface PVP concentration are increasing. [0060] 

[Comparative example 4] The same operation as Example 1 was performed except having carried out the polyvinyl 
pyrrolidone in a film production undiluted solution, and having made N,N-dimethylacetamide into 78.4 % of the weight 
3.6% of the weight. The mixture ratio of the polyvinyl pyrrolidone to the polysulfone in the film production undiluted 
solution at this time was 20.0 % of the weight. The performance of this film is shown in Table 3. It became clear that 
the amount of PVP of a film internal surface is less than 30%. 
[0061] 

[Comparative example 5] The same operation as Example 3 was performed except having used the mixture solution 
which turns into internal liquid from 60 % of the weight of N,N-dimethylacetamide, and 40 % of the weight of water. 
The performance of this film is shown in Table 3. The transmissivity of albumin of this film is over 0.3%. 
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The transmissivity of PVP was also the performance exceeding 75%. 
[0062] 

[Comparative example 6] The same operation as Example 1 was performed except having used the mixture solution 
which turns into internal liquid from 10 % of the weight of N,N-dimethylacetamide, and 90 % of the weight of water. 
The performance of this film is shown in Table 3. The amount of water penetration of pure water was the 
performance which is less than 10mL/(m^ and hr-mmHg). 
[0063] 

[Comparative example 7] The same operation as Example 1 was performed except drying temperature having been 
170 **. The performance of this film is shown in Table 3. It was [ film / this ] insoluble to water in all the PVP in a 
film. Use this film as the module of effective filtration area 2 of 1.5 m, and A part for blood flow rate 200mL/(film 
in tern a I -surf ace side), When clinical blood evaluation was carried out in accordance with the quality assessment 
standard of Japanese Society for Artificial Organs under the conditions for dialysate flow rate 500mL/(film outside- 
surface side), leuco pennia condition that a dialysis patient's white blood cell count fell temporarily was observed. 
[0064] 
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[0065] 
[Table 2] 



JP,2003-175320,A [DETAILED DESCRIPTION] 



9/10 <<— v 









JfctMM l 
















19 4 


1 9 4 


1 9 6 


19 5 


19 5 


19 5 


m) 


2 8 4 


2 8 4 


2 8 0 


2 8 0 


2 8 1 


2 8 0 


hr'mmHg)) 


3 9 0 


3 9 0 


2 2 


2 0 


2 8 


2 0 


iS*a^ (%) 


0. 2 5 


0.2 5 


0. 0 1 

CI "FT 


0.01 


0. 0 1 


0. 0 1 


pvp o 

(%) 


7 2 


7 2 


4 . 


4 


8 


4 


iKf^^ffi PVP i* 


3 6 


3 6 


3 5 


3 5 


3 5 


3 5 ; 


PVP C0# ft 


If 9 












ZK, J Li CPC 


0 . 0 2 3 


0. 0 2 3 


0. 0 2 2 


0 . 0 2 2 


0. 0 2 2 


0 . 0 2 2 




«L 


ML 




ML 




ML 


(LDH-Unit/m 2 ) 


13.8 


13.8 


15. 5 


15. 5 


15. 6 


15.5 


(mg/g) 


2. 0 


2. 0 


2. 1 


2. 1 


2. 1 


2. 1 


8*l(mL/(ra 2 - 
hr'mmHg)) 


3 10 0 


3 10 0 


19 0 


1 9 0 


19 0 


19 0 


(%) 


0.5 1 


0. 5 1 


0. 3 2 


0.3 2 


0.3 2 


0. 3 2 


PVP CD 

(%) 


9 9 


9 9 , 


7 7 


7 7 


7 7 


7 7 



[0066] 
[Table 3] 
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[0067] 

[Effect of the Invention]Since the film of this invention has the outstanding dialysis performance with little adhesion 
of blood protein and blood platelets which has very few elution volumes from a film, it can be used for a medicine 
use, a medical-application way. and a general industrial use way. 
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tt$-ti-4ffl«T-tB*8 L t v >4 2 2 *m.3 . m/jM3£7)^|lit*) 
b n 3 Q^Coi »'2 Jit*?^ W 4 L < 22v » 

[ o o o s ] 4t2. tffcmoiziimvs&izizm-z, 



( 3 ) 0 0 3- 1 7 5 3 2 0 ( P 2 0 0 3- 1 75 3 2 0 A ) 



BSflflffi-C'tf)/-!? 'J t'-/L t o 'J K > ^^±^20-50% 
nmiz I tz KiWJH* 5fttt>5 ... w i-Uiicma 
mi 'J 4R3?<7.) ff#tt Sr:'J«Sr < "t -2. fctfxoaMII 
£^Tt<7re&4, K^t. mjR^>H?j&sft«Lt< 

[ 0 0 0 9 ] *WSiJ. W!&7>ttfiB£^$-4ffiRllllS 

i6 ) *». &*RCL~«*Lrt:i»£, *5^)4"C«k 
ttHStoBt fc ■C(i«=F<^ttfl6«* s 4. t 4 ■- k im G> #»k 

[ o o l o 3 

[#!**« 1 3 If BPF 6-2 774 70 
[ WWXK 2 3 ftHFF 1 1-332 9 8 0 
[«*FSW3 3 nm-S - 5 2 3 3 1 
[ItSvfcHU ] &£¥8 - 9 6 6 S-ti^fg 
[ttlf SIR 5 3 6 - 2 9 6 6 8 6 

] HHRFW3 2 8 1 3 6 4^&$R 

[00113 

HB^IWH ± - iS*tt at f iSfl*=fir koft fg#4"l>SP k ?h 
[00123 

[ 1*11 £ Bifr* 4 t&iff&fk 3 tJLhwio < * > * - A 

skh 6) tx'tcfrntz* ^amt. mTim 
mvmz&tik$it$> t . wreak ii£<»$ro 

it. maamz* o - trtaaki-ittifij: 

tf-fr 4 m * Kifrfr fcfcu -3 w ft. i T"f c=5r v » . It t £ i >o 

-> £ wz mr$ % mmm®. * WM&ak . if 

m l ti ... -c <?) I* . $ h izmVL * ittf>/i *^bb # 

'/msn^n t xn . ss-icjit^iSJittfficti * t 
imztitzi&m. tm:mzjL%.-tz>ztx\ tfo-^* 



[ 0 0 1 3 ] -f *%HJ?{i . Hi >) Xil * > 'J -7 
-^Ut'^/lfDiJ WjSTKJtt**!'^- 

Tfc § , MlUmitl. i k (c J; 0 iXaAK^TLS^ 
KllS-fr/sft. $ MzW¥<r)#\} t*-/i to 'J F > ^:>- 

^+2^Bi*iijt-r t umzto i ->x . mmmemm: 
n&~?4 7 nmmiz x^xnozt sritm t ^-4 4»s 

[ 0 0 14 3 *S69!-Cli. ifc. k * , 

5 k *«# £ 1 1 ». *#aflt1i . te«H«Wfc:*.5Kw+ 

L-Tfc< .1 k/j\ $ r-Aziff £ L i > ... 
[ 0 0 1 5 3 ?bC. laiBBttrlfti^*]*^)* 

R^^csfs^^'oiart-Cft 4 - k j&J , § 4, t=*f i L 

# 0 , 0 t->l fo 'J K > . S^A'o^ 0 . 
*r U ^.;u-7h >j -7-c*ti-4 .if y f'-n. t"a >j i< > 

«OitiP* J 18-27S»?6T'*>S - k L i( » ... 

it. £tz. ±Mico£oizmm*ti&*mMmfrt->%& 

ty'a-'l {CiHa-t-?. t^-CftS , *S5HB<^)+ffi*ttM 
[0016] 

t#(3 r^j tt\,>o ) ?mmz-jnxmwi-&., 

[0017] as. u^it 
4 BHL*Kr3nt=ti , tttt *r *"f 4 k A 

*^4 k *sBfflBTCft 4 w k frb . M+Kaff LtK*> 

i xsmmzni i zmmt & ») mz> « *ts 

[0018] *UfflT^-5BffL«Sfflkt±, 

a5}i-fc:»«>-c*> < wht* 4 « Kftft&vi *■ 

t:iBffl«*«ilH-& - k i -> T BB+wSSLffi ^(cMIS 
}«W r JSft 4 •- k *"Tfllf A 4 , f* t IKTLff^ffJ S 
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t \m? ) . m±;ms»\m *• m * z> z t iM®, 
[ o o i o ] mimmt i xiz, x^u > /aa- 

n. . r □ t u > / 1 J a — n . I- u * + 1 > f \) a — >i . 
1 . 2 - 7>L- > ^'J 3— a . i , 3 - 7'>L- > zi 
—>v. 2-7"J-> - l . 4->.-*— >i, 2-x-l-ii- 
2, 4-^>9>t — 'l. 2-x^;l-l, S-^^-w- 
> /I . ?*(J t 'J > . t- I- 7X-f-L- > 7"'J 3 — ;L . 

;K i J x -J- 1, > / 'J 3 — H. 2 0 0 , 1 J X -f-b > 7' 'J r? - 
IV 3 0 0 . if 'JX^-L > 7" 'J =?— ;l 4 0 O^f 'J 

ii uto-rt .?jt^^^'#MiiSBsetx.7^r/i 
iff >*«fl:£*M3 it/fsfi^ ;i > h 

[ o o 2 o ] tfz . xntrnzts^x . n&*m-ciz$ & 
mmm ( % ) = < rffiwft.** > 

[ 0 0 2 2 ] * [J t'-t/L t'o >; K> ^)jS3i*{i. }F3§i- 
*mm* 3ii"oW.' 'J t->l to U > ( BASF1t« 
K30. m».Wr).7f^«40.000) ?)'J>I$'w7r- 

(O.FjbwI/'J •;/ hll . pHT.4) iqSflidLT* ^>a- 

*tilLm"rn r s > ^)3S5S^^)M5E> ratter* f^*-tf 0 2 
tic J; 0 

[ 0 0 2 3 3 it»*l:~^*»fc?L&^lll8Wi. ^!J X 
>i * > 'J ( WT#(- r * j fc £> v > ') ) .. 

,*rij t-x/i tog f> . Rimmfrt>%&MmmM*: . 
■v r-%®m*ittzm. mmrtiX'mizv ^m^mtzto 

v >T . i*jfirc«tc;i? 0 -?-<r>mm<r>izmm £ ffl ^ I) c t K 

- O - A r -C ( C H 3 ) 2 ■ 
-0-Ar-S0 2 - A r - 
[ 0 0 2 6 3 ,t. ') t*—H tn ij I- > (IKJhf-MOi^iJ 
t'll^^Diicft^lS^/.fti •■/2^>. SJTfT-fi^t^Xi t"M 

y^ffiPH^n-S., 900, 000 i n 4^ ^Mt^TfTRi^f 
■t&X ') t'x;t tn '.J K > Sr flfiTlK^^^fLSftSr 
W-f ^^Uti-^S^'i t'XJi trn ') H > -xWAMz 

m M t tl'c tz% Z. ., A fz . Jfitcmtli^ £TH*S ^^ic 
900. 000 i: 'J^ t 'fim-T^^S^)^ '] t'x^ tn »J 

mmsmnmRrz n tz i + fri-s&m* i » 

[ 0 0 2 7] i72 , Tii [) ri'> &7lx \) "7- 1 rtt 'J fx 

PilZffit&-tr & h^rZ'h 0 . N- X -2- tn t.J V > . 
N.N ->.X^-/M-/I2v7 > 5 )'•', N , N - ] - 7* 2 



lUIC'rSMm'clt. jS'Jcft-/>100nil./(m- hr rauiHg) t;J. l-.'C 
J)-.T ffiiT^7j-T-M40.000.-7)# ') txyl t □ 'j K> 

[ 0 0 2 13 ^-JtMT;L 7" 5 > .')j£i^4U^, WT^)J: vj 

(^/\-iJ > 50001 U/L ( >J -v }-Jl ) . '<^iiSK0. 0s/'d 
L U ••/ h/L ) ) ^ .^MIKKClftjSl . 0cn/*K-M 

L. Tlfif.)^ ( 1 ) tCft7sLT:Sj!a$^W.Mi^^.,. 
1 0 0 ( TtSmtfWdtlK. ) < 1 ) 

[ o 0243 n%m\t. wj^m > vmm *b$l * -tt- 
tcjtw l t ± * < t ?> 2 1 ■//>« -> -c t< » * .. *&BJK-«! . 

[0 02 53 <) x'i * > '.; -? 

— tlx a. Tie^)3t ( 2 > . itttt ( 3 ) ^<$i- L 

h m 0 51 L Wi" -t> oil -2. .. ^-iy . 
<7) A r ( i ' * 7 Sf'^) 2 f?g:ta>''! 7 .t x/i. -r L. . * 

A r - O - A r - S O 2 ■ A r - ( 2 ) 

( 3 ) 

[ 0 0 2 8 3 «IWS(iR+W7K'J -?-i«K(±. KJRsrSE 

L < (±10-30mft o «-C\t>4» ., 'iSicitffiS: jStft-r&j^ 
WCt±. ^'.i v— a!*littv>*A s J: < . 10-2 r >fiJ:%^'' 
Lt v. 

[0 0 2 9 3 $ '%(i«Wt:2 c tit- '.) t-/i tn '.) Y > 

^aiftT'jp) o . -1' \) -'—iznt z, d> (j fx /i tog k 

%, $ r-AZifrS L < li20-27ffi.#2V,-C- 1 t>a ;h 'J 
*f^-^.if'.i f x/i tn ij !-•> C)^1nit^/27m 

th tmtu&mx. z> MMz*> o . i^ioffis%*«-c 

2 > ^HaT'A a , $ tz , JljR«« - $«?4K!S* »JW^ 
mx*h *) . ^c^ftli. astHi«li«lAS-4->-tt-C4: *)W¥ri 
[ o o 3 o 3 WlfiliSt L tii. Mitf * ; < 5 1 /-iv . 
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X?/— il^OTil a— ilW : I-f)Ll; n-^^t 

> . n > mo)\mm m it*mm& \cx ij v - & 
mmi^Mmm^^titiiK *#*?4U\. Hz. 
«BR»t-*f «j v-zmiit-f&mtem+mn-t&z t tz 

x ottffl&KS ? > I- n-K-t& z 1 1 WT#>4 . 

[00 3 1 ] SIS&ttiLKtt. -30-90X2 it 4 L < tiO 
— WC , $ <3 lc» 4 L < { 40—SOT T\?> & . <il!j&<7>}S 

«**jo 'c^mtrz n . -30'C5foi$T£>ft t . jens+w 

[0032] JBti?fl%jff^£ft<±, +SE*!«il?&^» 

T . -HJ-tcaSB L T k ^MC7>( ? oftSHffllf-*-* - 

[ 0 0 3 3 ] L*» L s "7>f njSSSStti®^-*^ 

jfi»2J:ftJBI<0^ • SM«:l*<*fctf>K. 
£**s*«30~70& . =k 9*?4 L < li50-70?o't-&ftl%5 

[0034] $ *m^¥%£*^#20~70% . it 

&7\im (%) = ( a-b ) 

[ o o 3 6 ] § >olz, ttnfrto&bftMSffytiM&X. 
nmiZeK-ttzisblz^ ft&ft ti±40°CSr@x.^v 
Wi«3K*«rSI8W ft £ t *W 4 L I > . JfeSfcrt(=iI*-f £ 

but , 4ot:j^i2(ycjaTwaKwH!aa***ji!rt 

( - jfiRf * i ti » taWRf 6 i: HHrfc**fc:tf 
L Jn^S£ti*rfi -> T i >ft 2 k £SBH"-2> « 
[00 37] ~?4 7Di«|iii]iJ^^ kft*£F4 

&<7>£7fc^#*20-~ 70?o. tJ& L<ti50-70%(C&&B#i£r 
T-7"f 7 oSS3S**»^40"Ciy.±120°CtJlT<7:)iSJS^jI)l 

m?M£ w&mmns:wt&&* miz&j—iz&m-? 

ft 2. v **WC*> 4 . 2 UT t . * JR<0 

£i*iJpa*20— 70%, 4ft L < {i50-70? o (c4-4B#^Tc7.) 

Wrt t a«ttie*>«r o r> & * jrp ,t ft 

ft, 

[ 0 0 3 8] tinmtf&W&mi, 40Cy.±120 CW.TT- 

&* z t iimt l < . $ hizftt i < motrcjjiTT* 

ft. 12(TC£lB;ift fctfU b-/lbo y K>3&*3Etti$J: 
jj-JIW & . KfL«»W Sr EE i < f i> '# ^ i i^r 
ftflUB^^^JSaSM***^* 2 bfrtyftt L < i 

[0039] laftsk^istc^^atxrii*^!*!*** 

-/l fbNKO b"h to X'i> ft ir >. iit . IIB+w^PVPS:^iB 



4 L < {450 -70^(;^ft«f^.TV)fI*^)*^i:^ 
f-t ft ||B^>**48<o**«5''otJlrt*CJh ft 2 b W . 14 

get:*, it ft &<?>$rii&?)m$:5%i:mz-*z> 2 1 

IztsuX 4>4lv6£^H ; fl?)l/e.<7>$Egl$: 4 ^ 
[003 5] 4 it, PI«t-a**'^s f6«yH!tt"*t=fc(t 

i.M(:oi>t i> . ^m^'C^b^m^ztm^m^ 
tidjfefts* c htzMz^ mskJimz?.& w.miz&mz!% 

*Jpfc{±. $i'Ji1u«7.)*m (XtiK) ^)S4 ( A ( g ) ) 
hten^l! (X{±H) <?>ftl: ( B ( g ) ) ( 4 ) st 

X 1 0 0B (4) 
ft I T L 4 o b . *ajJttfl£«-C& ft— *-C. jSWB§(c 
o-f r3^.-Tffifr>'ffi^$ixft2 fc*»^>#4 L <^v\, 
[0040] *SK8T*V>'3 *C=^«rC**PVPi:li, P. 

T^ft,. ffit*c7)£pvpii±. mmmsi ^ f 7^7tm i rtm 

izX 0 &&£M£-t& Z b VX'Z ft . 4 fc , ^icnT^gT 
ft ftPVPSJi . WT^^ftic i ») Sft* d k ft . 

nbtifz* v -?-mmz7\<zmu lx# u xti* > 
-T-^s-r ft 2 1 (ci d *tcHr*-c* ft pvpsr.^g-r ft 

2 h^'T&ft, 

[004 1 ] *fWB^«Jt*a{i N . K?Lfilftffle*4=fir 

i^aawtsr^-f ^ nisasfltt ± »3 2 > 

L, *^jt^?rfflV>T#A.^M(4, PJL^^JSr^- 
4 t'V ^i^Tft -> T . ft»te3iS*Jfcfl«10- 1 . OOOmL/ 
(m- hr mmHg) . S4- 5 F L 1^5H t 440,000<7.)/K'J b— ;l t 
n'J K> C)jf3g^ i 75?oWTT\ fio^iE^S(C^ltft 
T/t7'S X^Sia^O. 3%*iiT'ife 0 . § i3(C'?-fi--c 

ii<7)ffl&o.> n 5 y * if >h*^zb% mm b-th 

IIST'ftft, Si/x^>m?RiSrr^T-{4, jStffT5n-f Vffi 
ftO)imcr)fzWzB,m%b *i\X uft /3 2 - = 7 a.^ 
o7'iJ> (^M: 11.800) &+-*{CjSiiS 7* 
H.7'£> •• 67.000) {itl.h/vK:-Siii!$-ti->5:tv>f 

ffitt*:^ft!l* J *y>'>iLT*3 0- ^Bfl^:>^±, ^-lii 
WiRCtSW ft Til 7" 5 > ^)jS3®*5t) { 0. 3%l:i.TX'h ft ... 
T;L 7' S > <7)jSji^A J 0. 3°o5rS,t ft Z b l±fc\*\lz^%)) 
teTH f 5 V%-k% < m^-th 2 b SflSft-r «. 2 k 
iSWBtkLTiieiKfcu. 
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[ 0 0 1 2 ] Atz. kmj}H(M\./ (m- lir imiiH 

s ) l:}Jt<?Mizi-n >Tii . tf>.) t".-/i to g f > c?:>j§j& 

#i ( A ( ",. ) ) 2 /:! , -77 n 7 n ~f [1 > 7 i)7? > 7s 

(K (id ./if) ) 2 iiiiTIiI^-Tt < 5) tiffrr— JtPHEWj 
t-fflWRIffi^tlE-*-* ^ >.)-r?> .immiztt.] . w= c? I 
B ( in L 7f ) = 0 . b 3 6 A 
•2 1 X' . (i : -;?n 7n 7" ') >C) ?>)T 1 7> Xfi . 

l/'tt (minrnm) . is^itM5oo«L/it (ng»h$is 

[ 0 0 4 3 3 /■]■_- S. .7 d 7"n 7" U > <?J 7 g T f7 > X 
« « 1 1> c?)ti*m?& * ire v > ft £\ dfJt-ftCn'j P> 

5r "7 L 4 o -2 > A 1 -3 . U h"-/l. £ o 'J F > ^>j©g 
mH~S\MTX-'$) ft 2 2 j&*<£?g-C*>ft , 

[ o 0 4 4] ttc. -t^mcmmii-&izx oa^^r 

ti. B?LftftflSr||ifiIgT«fflLT!j:n; >**ft, P. 

o . 2cmizmfiitzmm*£*Mm. r Kbmmm%iz-\ 

SOnlr H^^^rc7)i£l^^7.X^ict:^.)r/L * g m 
tiiimizM&-?& tfyXm&lZ7JU 70±5-CT' 1 P*fBl 

L 2 L i> OZMtifrtZ) , 85€lg(±220--3 : 30iiiii'7'^ft± 

t# L £ I > 2 > *» .30. 045fe»5: jlcK'f ft w i: i^'WC* 
ft 4*2. HTLm»WJ^) W*. i _-:> ^ >-C ii . EfdHlfc$3r% 
«S XiiivTf I** l./. i o) *. //.x ;d? I- 7" 7?^-. if? 

PVPM (ffil:%) =C, M, 
•7.7.-77 C, : «*IRiFi68E (74 
7 (' V, ) 



2 

M ■ : PVPf)i3p4)igL -> h7)7f-rM (111) 
m 2 : ,1-; (J X/l 7j. > JM? «J v-^m 0 m I ••/ 1- oft 
-48 ( 112 ) 
[ 0 0 4 7] 

[*JtM] WT<7 t: om)n%im*:^-i-if> , *«b)| 
{•1. -2 i dzW<M 5 i l ft 1 7)'7( ±or v ^ , 

+*ia '7 '] »?B -t 7' .x - ;i -r ffi « L . |^>.x-/K7^'x 

•j > iti/ju 1 1- mm?mm . oe«/#ic-ci r > ftmn,® $ • 



4-ft 2 ttf<&gx'$>ztf. *ffi#ij&X'iimmzm-£ 

"Tt t"7 ■?> ') . 7 1 J T ^7 > X -r 77 1 l7tftilJ-r ft 2 > nj'st 

T-J.>ft. 

2 9.99 ( 5 ) 

7)i^V")-77i-£(I.J: 'JilD.Vg-tft 2 h IZX 0«ftnnJffi"C#> 
ft - BB^KBBLRmilS: ^W^j-Ca >T 1 2 

it <•> wffl^*sc i o mimtfcx-h ft . 

[ 0 0 4 5 ] *WW?mi&>mz£ 0 .^il^Rti . ;h 
U ;},> ^Vt' U h*;-/l h'n \) F > >v>.3 ; 7 

0 . Bftrt^wtciiWi *f 'i f-/i tru g f > f >auK*«?o 
-45ft*° f 7CJ>ft, Bioraii^S^Cim^IsH 1 ^. iM 
iffi* s »-rS|Rl*9*B5<7>«i«tt"CA 0 . tf''J fa 'J 
F> (W.T. *(c r PVPj b Ln:) ) r^ftZ^ft-'J x 
)i > SisU-Cii , Ki*j«iB WVPjeKj&rSHTjf > ft .. flg 

rt*ffi«pvF'i8K*«fi-r §'ft t &p&mt>m*&.±?p 

Urtfiii^pvi^^NS-r §'ft t . wwmm&^mix 
Rtfmtu i *m&> a m»fflj*c t -> -7 ti*? 4 l < t «- > 

fSii . 30- .10 n o^)fEHT^) g . *P4 L < {i33- 40° r ,X7t) 

ft,. 

[ 0 0 4 6] &rt?km?>V\'?mmi. x 7?M1t&.T 

7A?)-/l (X-ray I'hol.oelectron spe<:t.r<)s<:op>' 14 FX 

PS) tci-:»-C^7E$iLft, -tt:i->t,. \&fo%mn\VS9> 
Jtf*. jfi'^^S-jStiPJI^iZ-^ft , CIs 01s Ms 

x-h o . 4> g x/i ?i-> 3vtfg < 2 > jt^mis-r-vf) 

ft * (-(i ( 6 ) iXlzX >)nmX'lfrf->& 7 t ft , 

1 0 0 ( C , M , - C j M 7 ) ( 6 ) 

1/iJRS:5iniiiHPHft!!S(;fflBfL . O.SVf.'Jx-fi, > 7" 1 J 

F g F > X-100 ) ^*tf5=5EftJfl7}c+^-e!K-iSfflafli L 

{ FIT . • LDH . t ir i 3 ) r.^ft-rft 2 2 t-.i 'J JKffli 

m ( ft?<wmM ) gjt o ^LDiiv§tt 1 1. -r wis l ^ » 
Si^tt^isy^iLDii^ /7-7 f jf- -v f ( ^- g > //- - 

Srtm^iiig i . r m>im<?>;rMiii%m->- 1- g ^i>(2 2 n 

RWIiS L ft . x 7 / - ;i (- l U BH«ia-t ft 2 2 {7 4 o 
^6iL/7>o7)) »». tt&tfi 2 |nJH5i7lt#S I >2 
[ 0 0 4 S ] ( mR9 > ) 77 tmk^x. ) JJS^^>lfll^ 7 > 
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> n 9 :«ps«*ii . mwwm *2WHz l tzwmrr 
ss i *iBBfe» l tz ... mz^mm % mshhik 

CAR L . 1.0°o 5 »7 g /Hjffltt* h g ^Sr&frtHiS 

ja^-dWFL-rttaj teuton.* > '-v?«£5E*-rs 2 

?".:, 9 > M^SigftiiRCATnx -f > r»/-b i (trr— 
xttS) £«HJUfc. =£r*j. RttiilSfc UtPVP 4: irW 
L frt >R ( r*RUHW0>SSftW 1 f>H4: ir&HRiltKl . 

sooi>p»wi*aB«*Brt- 1- g 2 sisirsai l x 
* 1 HiaaaH-s 2 t k «t ott^n^if) > *• 

[ 0 0 4 9 ] 

[SHIM 1 3 ( KltRtfBti&fflcaPtefc ) 0 X)i * > 
(Amoco Engineering Pol yraers^tlK P-1700) IS.Ofii 

■f-il.200,000) 4.3M%4r, N.N-^^/l -T-b hT 

5 K77.7*M»ot=JS»fCi&-i-iS«i:Ufc. Lit. 
«itiHjR+<oiKg MJt;> g fx/i, fcrn g H 

"C left % , N,N — >" ^f/irthTi 1" 30fi*% fc *?0- 

iS-tt/ X> 0. lnrai-0. 2mm— 0. 3mm ) #>»3ttiiJ § •£ . 0.9 
6nWX T -v -y T 4" a«3i $ -t±^75 C:^:>7fc* J ' '3 & 4 <g|!?S 
'v««L/2,. if>i#. iSP^o«ii^t*nSft«Bi 

o. fSf)4»f)SlK£ 54.5 V iB.(S^r5rC(C3> hn-/t- 

t^,. «±, aoi/a-offitu:. uct. aactt 

6 XT df> -y r^JtJpJi , 0 . 012m/ ( n/ft ) T A -> fc , 
m$M->tz*M£V}m&. * <J**300mi $1*^9200 
3fc) crH7]BfT®±*^'3S0'C^» ; *> t7- *r 2«#EI^(t 
T&#-f & 2 tc ' «fc DK+fJBt® S'l4r|>££ Lfc. 
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